Motility of whole undiluted semen collected from different regions of the bull epididymis by micropuncture was determined by examining a droplet under paraffin oil. Bull caudal spermatozoa showed vigorous motility in undiluted semen. This motility was less in samples collected from nearer the testis: samples from the distal caput showed weak but detectable motility while those from the proximal and mid-caput were completely quiescent. Motility of spermatozoa from the distal caput and the proximal corpus was markedly increased after incubation at 34 or 37\s=deg\C for 1 h, but was depressed by incubation at 25\s=deg\C.Similar but smaller effects were observed with spermatozoa collected from the mid-corpus and the mid-cauda, except that motility of spermatozoa from the mid-corpus was reduced after incubation for 1 h at 37\s=deg\C.The inhibitory effect of low temperature was completely reversible. Incubation of caudal spermatozoa under anaerobic conditions produced partial and reversible inhibition of sperm motility. The results suggested that bull epididymal spermatozoa may not be completely quiescent in their native environment as previously assumed.
Introduction
During their passage through the epididymis most mammalian testicular spermatozoa acquire the potential for motility but this is usually assessed after dilution of the spermatozoa. The motility of undiluted spermatozoa from the cauda epididymidis in a number of species is still debatable. For example, spermatozoa of rats (Jones, 1978; Morton, Sagadraca & Fraser, 1978; Turner & Howards, 1978; Usselman & Cone, 1983; Turner & Reich, 1984) , hamsters (Jones, 1978; Morton et al., 1978; Turner & Reich, 1984; Usselman, Cone, Carr & Acott, 1984) , mice (Morton et al., 1978; Usselman et al., 1984) , guinea-pigs (Turner & Reich, 1984; Usselman et al., 1984) and man (Turner & Reich, 1984) are immotile whilst those of rams (Jones, 1978) , rabbits (Jones, 1978; Morton et al., 1978; Usselman & Cone, 1983; Turner & Reich, 1984) and rhesus monkeys (Usselman & Cone, 1983 ) are motile in undiluted fluid from the cauda epididymidis. Contradictory results have been reported for bull spermatozoa. Morton et al. (1978) showed that appreciable numbers of spermatozoa (25%) were motile at approximately one-half maximal rates. Cascieri, Amann & Hammerstedt (1976) also noted that undiluted bull spermatozoa from the cauda epididymidis showed intense tail flagellation with a moderate beat frequency but no progressive motility. In con¬ trast, found that only a small percentage of bull epididymal spermatozoa exhibited low motility before dilution with buffer solutions. Furthermore, dilution (1:20, v/v) with cauda epididymal fluid immobilized motile spermatozoa previously activated by a buffer solution . In these investigations, motility of spermatozoa may have been under¬ estimated because spermatozoa were restricted, with no access to oxygen, in glass capillary tubes or under cover glasses with no precautions to prevent sticking of the spermatozoa to the glass. In the present study, motility of bull epididymal spermatozoa collected by micropuncture or by retrograde perfusion of the ductus deferens was examined in a droplet under paraffin oil by a method described previously by Turner & Howards (1978) and Turner & Giles (1981) .
Materials and Methods

Epididymis
Bull epididymides were obtained from a local abattoir and kept in an insulated flask at ambient temperature during transport to the laboratory. Immediately after receipt (within 40 min post mortem), the whole epididymis was dissected free from the testis, rinsed with 0-9% (w/v) NaCl solution, blotted dry with a clean tissue paper then immersed under warm (34°C) water saturated paraffin oil in a temperature-controlled Perspex tissue bath.
Collection ofepididymalfluid
Luminal fluid contents from 10 regions of the epididymis (regions 3,4a, 4b, 4c, 4d, 5,6, 7, 8 and 9; Text-fig. 1) were collected by micropuncture as previously described (Hinton, Dott & Setchell, 1979) . To minimize the collection time, small samples (100-200 nl) were obtained from only 4 or 5 regions in each epididymis and the sequence of sample collection was random. Precautions were taken to keep fluid samples in the micropipettes warm by running water-saturated paraffin oil at 34°C over the micropipettes containing the samples. Motility scoring commenced within 40-60 min after the arrival of specimens; i.e. 60 In some experiments, semen samples from regions 9 and 10 were collected by retrograde perfusion of the ductus deferens at room temperature (20-22°C) using water-saturated paraffin oil stained with Sudan black delivered at 120µ1/ from a motor-driven syringe pump (Harvard, Model 1100, Millis, MA, U.S.A.). The time required for this procedure was 40-60 min (mean 54 ± 13min,«= 5).
Measurement ofmotility and density ofspermatozoa
As soon as the sample had been collected a small portion (30-50 nl) was transferred as a spheri¬ cal droplet under water-saturated paraffin oil on to a clean, siliconized (Coatasil, Ajax, Australia) glass cavity slide prewarmed to 34°C. Motility of the spermatozoa in the whole droplet was Moderate rotation with moderate amount of surface swirling [8] [9] Rapid rotation with a high level of surface swirling 10 Very rapid rotation due to intense and progressive motility of the majority of spermatozoa as seen in undiluted whole ejaculates of good quality observed under a dissecting microscope (Olympus, Japan) at 80 magnification with cold incident light (Schott, Mainz, West Germany) at an appropriate angle. Motility was scored in units from 0 to 10 (Table 1) by an experienced observer immediately or after incubation for 15 min. Although this method of motility assay is not quantitative, it did allow for estimation in microsamples with high density of spermatozoa and gave high scoring consistency between investigators and between repeated observations of a sample at different times. Sperm counts were made in a Neubauer haemocytometer after 1:1000 dilution of 100-500 nl samples in 0-9% (w/v) NaCl solution containing 4% formaldehyde. Incubation Effect of temperature. Small portions (30-50 nl) were sub-sampled from a micropuncture sample and transferred under water-saturated paraffin oil onto clean, siliconized glass cavity slides prewarmed to 25, 34 or 37°C. The samples were then incubated on a heating platform at 25, 34 or 37°C and sperm motility was determined as described above at 15-min intervals for 1 h without further handling of the samples.
Effect ofanaerobic incubation. Subsamples were prepared as described above except that watersaturated paraffin oil was degassed before use and the samples were incubated at 34°C, covered with a Perspex box into which a slow stream of nitrogen gas was continuously introduced to main¬ tain constant anaerobic conditions. Motility of spermatozoa was assessed at 15-min intervals for 1 h without exposing the samples to room air.
Analysis ofresults
Analysis of variance and Student's t test were used as appropriate to determine the effect of treatment. The level of significance was < 005 throughout unless otherwise indicated.
Results
Motility ofspermatozoafrom different regions of the epididymis Caput epididymidis. Spermatozoa collected from the proximal caput (site 3) and the mid-caput (2) Mid-caput (site 4a)
3-5 + 0-6 (10) 1-9 + 04 (5) (sites 4a and 4b) were completely quiescent, except in one sample from site 4b ( Table 2) . Initiation of motility did not occur even after 1 h incubation at 34°C. On the other hand, a substantial number of samples removed from the distal caput (sites 4c and 4d) showed weak motility which was especially evident in the spermatozoa on the periphery of the sample droplet. Initiation of motility occurred immediately after transfer in 16 samples and after 15 min incubation at 34°C in the other 6.
Corpus epididymidis. Almost all the sperm samples from the corpus showed weak to moderate motility immediately or within a few minutes after transfer from the micropipette. The motility of the spermatozoa gradually increased from the proximal corpus (site 5) towards the distal corpus (site 7). Most samples from sites 6 and 7 exhibited slow rotation of the whole sperm droplet by 15 min after incubation at 34°C (Table 2) . Cauda epididymidis. Nearly all sperm samples removed by micropuncture from the cauda showed moderate to good motility, which was apparent immediately or within 1 min after transfer from the micropipette; in some instances, motility of spermatozoa could be seen at the tip of the micropipette after withdrawal from the epididymal tubule. The sperm motility was sufficiently vigorous to produce moderate to rapid surface swirling of the sample droplet (Table 2) .
Samples collected by retrograde perfusion of the ductus deferens at room temperature (20-22°C), regardless of the time required for collection or the time post mortem, showed a wide range of activity from complete quiescence to vigorous motility which was almost equivalent to that observed in ejaculated semen. Out of 46 samples, 8 were completely quiescent immediately after transfer onto cavity slides at 34°C but of these 8 inactive samples, 4 developed low to moder¬ ate activity (score 2-3) after incubation for 15 min at 34°C. At this time a comparison of the motility of cauda epididymal spermatozoa collected by micropuncture and by retrograde perfusion showed no significant difference.
Effect of temperature
Motility of spermatozoa collected from the distal caput (Text- fig. 2a ) and the proximal corpus (Text- fig. 2b ) increased steadily during a 1-h period of incubation at 37°C to approach the values observed in the distal segments; the improvement of motility with time was less at 34°C. On the other hand, sperm motility was markedly inhibited at 25°C. The effect of incubation temperature on motility of spermatozoa from the mid-corpus (Text- fig. 2c ) and the mid-cauda (Text- fig. 2d ) was less when compared with that in the proximal regions. Motility of spermatozoa from the mid-corpus, in contrast to the other regions, was depressed by 1 h after incubation at 37°C (Text-fig. 2c ).
The inhibitory effect of incubation at low temperatures (25°C) on sperm motility was com¬ pletely reversible when the temperature was raised to 34°C. The suppression and stimulation of sperm motility could be repeated several times by changing incubation temperatures between 25 and 34°C. Effect of anaerobic incubation Incubation of spermatozoa from the mid cauda under anaerobic conditions (nitrogen atmosphere) at 34°C produced an inhibition of sperm motility (Text- fig. 3 ) which was apparent (P < 001) by 30min after incubation. However, substantial motility persisted even at the end of the 1-h incubation period. The inhibitory effect of anaerobic incubation was completely reversible when spermatozoa were re-incubated in room air (data not shown).
Sperm concentration
The concentration of spermatozoa showed little consistent variation along the length of the epididymis, except for a significantly (P < 005) lower density in fluid from the distal corpus (Table 2 ). This area had already been shown to have a lower spermatocrit than adjacent areas (Crabo, 1965) .
Discussion
There are several methods of determining motility of spermatozoa (Mann & Lutwak-Mann, 1981) .
However, the most common method, which is based on visual observations of motile versus nonmotile spermatozoa and the pattern of movement of individual spermatozoon, is not suitable for use with a sperm suspension of high concentration. Although an objective method has been described for the assessment of overall activity of spermatozoa at high density, this requires sophisticated and expensive equipment (Dott & Foster, 1979) . The present study employed a simple method which was applicable to the measurement of sperm motility in a whole suspension of undiluted epididymal fluid. This method has been previously used for studying the motility of rat epididymal spermatozoa collected by micropuncture (Turner & Howards, 1978; Turner & Giles, 1981) . Our results demonstrated that bull spermatozoa from different regions of the epididymis did not remain quiescent in neat epididymal fluid, in contrast to the results for rodents. Weak motility could be detected even in the samples from the distal caput and motility of spermatozoa gradually increased from the proximal corpus towards the cauda. It is perhaps surprising that by the end of 60 min incubation, bull spermatozoa from the distal caput and proximal corpus, reached levels of motility not much less than those of caudal spermatozoa. However, the classification of motility used in our study was subjective and non-quantitative and the small differences remaining may conceal considerable changes in character as well as in degree of motility. The results in this study are in support of those of Cascieri et al. (1976) and Morton et al. (1978) , but appear to be at variance with those of . However, the discrepancy may be in terms of different degrees of motility which are observed by different methods. found negligible motility in undiluted samples from the caput and proximal corpus and only slight motility in samples from the distal corpus and cauda collected post mortem from bulls, with no changes with time. However, their technique of measurement was different from ours, involving dark-field examination of samples collected by micropuncture and then spread out between a slide and coverslip or in flat capillary tubes. This technique would appear to maximize the chance of the motility of the spermatozoa being affected by adherence to glass surfaces, especially as these were apparently not treated with an agent to reduce sticking of the spermatozoa to the glass. Exhaustion of the oxygen in the sample by sperm metabolism could also be expected to reduce motility. Our technique which involves examination of a droplet of semen under oil may have allowed inhibitory substances to diffuse out of the droplet into the oil, and some exchange of gases. Furthermore, the motility in our samples would not be affected by adherence of the spermatozoa to the glass surfaces.
Other relevant studies used techniques which are different again; Cascieri et al. (1976) examined epididymal semen collected from a catheter in the vas deferens of conscious bulls into glass capil¬ lary tubes, in which the problems of adherence to glass might be expected to be less serious than with a slide and coverslip. They found that the spermatozoa showed "intense tail flagellation with a moderate beat frequency but not progressive motility". Morton et al. (1978) collected epididymal semen with microcapillary tubes (presumably from post-mortem specimens although this is not stated in their paper) and examined the film that remained on the inside of the tube after most of the sample had been extruded. They observed "considerable motility ... which first appeared in the distal region of the corpus epididymidis and increased in rate and percentage motile until at the distal cauda end of the epididymis about one-fourth of the sperm were moving at a rate one-half maximal". Apparently, the situation is more complicated than previously believed, and all the techniques for measurement of motility need to be critically examined.
The much greater variability in initial motility of spermatozoa collected by retrograde perfu¬ sion, in comparison with that of spermatozoa collected by micropuncture, is easier to understand as micropuncture is much more likely to yield a sample free from contamination with extratubular fluid or epididymal cell contents. This interpretation is supported by the similar level of motility reached by the two sets of samples after incubation, when an inhibitor might diffuse into the oil.
Spermatozoa are stored in the cauda epididymidis at about 33°C, but are inseminated into the female where the temperature is appreciably higher. Therefore, the effect of incubation temperature on the motility of epididymal spermatozoa was studied and was found to be comparable to that observed for ejaculated spermatozoa (Hammerstedt & Hay, 1980) ; these authors reported that 58% of spermatozoa were motile at 37°C and 42% at 32°C. They do not report changes in motility with time of incubation, and it is important to note that in our studies spermatozoa from different parts of the epididymis showed different effects with time, only those from the upper part showing continuing increase in motility during incubation at 37°C.
Motility of bull spermatozoa from the cauda epididymidis, unlike that of ejaculated spermatozoa, was markedly decreased during anaerobic incubation, although not completely inhibited. This is not surprising since fructose, which is the major energy-supplying substrate for motility of ejaculated spermatozoa under anaerobic conditions, is abundant in the seminal plasma (Mann & Lutwak-Mann, 1981) , while there are only trivial amounts of reducing sugars in bull cauda epididymal plasma (Wales, Wallace & White, 1966) . However, the continued motility of epididymal spermatozoa after 1 h exposure to a nitrogen atmosphere suggests the presence of a substantial amount of alternative extracellular substrates or intracellular reserves for metabolism. The effect of low oxygen tension may be relevant to the condition of the spermatozoa inside the epi¬ didymal duct in vivo. Although the partial pressure of oxygen in bull cauda epididymal fluid is not known, it is not likely to be as low as that produced by a nitrogen atmosphere and it may be that not all epididymal spermatozoa are completely quiescent even inside the epididymal tubule in vivo. The degree of motility of bull epididymal spermatozoa in situ remains to be determined.
